The impact of geometric uncertainty on across-fault flow behaviour at the scale of individual 
55
In this study, for the first time, we consider the discrepancy between seismically resolvable 56 normal faults with outcrop geometry in 3-dimensions using forward seismic modelling 57 techniques (Fig. 1) . We then compare the simulated production response across both of the 58 fault geometry resolutions and consider the implications of the reduction in resolution for 59 intra-reservoir scale faults in production settings (Fig. 2) .
61

Methodology 62
The methodology we employ requires a comparison of the simulated production in a faulted 63 reservoir at outcrop-and seismic-resolutions (Fig. 2) . Prior to the simulation we derive the 64 seismic forward model (Fig. 3) . We outline both workflows below.
66
Construction of the geocellular model
67
Input DEM and its limitations. To characterise fault geometry at a sub-metre reservoir scale 68 a high resolution digital elevation model (DEM) from the Afar Rift system has been used 69 (Fig. 4 ). The Afar depression in northern Ethiopia began to form at approximately 30 Ma 70 (Barberi & Varet 1977) 
89
We construct the geocellular model at two resolutions (Fig. 2) . The first is generated directly 90 from the DEM (the outcrop-resolution model) whereas the second is a seismic forward 91 modelled volume derived from the DEM to replicate a reservoir scenario (the seismic-92 resolution model). For both resolutions we consider both partially and fully breached relay 93 ramp geometries. We recognise that our models are derived from the extrapolation of a 2D 94 surface and represent a 2.5D rather than a full 3D volume. Although this is a simplification, 95 this leads to our results underestimating the degree of complexity, a point that we discuss 96 subsequently.
98
Seismic forward modelling. Derivation of the seismic model involves a multi-stage workflow 99 (Fig. 3) . The DEM, which has dimensions of approximately 400 x 400 m, is translated to a 100 depth typically analogous to a hydrocarbon reservoir (3500m) and forms the basis of the 101 model (Fig. 3b) . The horizontal cell dimensions of 5 m are specified to provide manageable 102 simulation runs although the loss of resolution associated with this grid cell dimension is 103 minimised by careful location of cell nodes using the higher resolution DEM as a guide (Fig. 104 3c). Vertical grid dimensions are set at 1.5m. For both geometric models we model four 105 stratigraphic scenarios (Fig. 3d (Gassmann 1951 ) is then applied along with the fluid properties (Table 1) (Fig. 3f ) and a coarser resolution overburden model is constructed to account for 132 wave propagation through the subsurface for a given input wavelet (Fig. 3g) . The geological, 133 elastic and reflectivity properties are combined with the background model and survey 134 design, and a simulated pre-stack local imaging (SimPLI TM ) algorithm (Gjøystdal et al. 2007) 135 is applied to generate a synthetic pre-stack depth-migrated 3D seismic cube (Fig. 3g) . 
167
(i.e. an 83% water cut), with injection rates set to match oil production rates (Table 1) 
248
We now consider how the observed variation in effective juxtaposition in the multiple 249 scenarios influences simulated production rates and fluid saturations.
251
Production rates. The effects on simulated production of the disparities in juxtaposition area 252 can be significant, with final cumulative produced volumes varying by over a factor of 4 (Fig.   253 7). The production curves also illustrate the differences between outcrop and seismically 254 resolvable geometries for high and low Th:tw ratios and low-, mid-and high-case fault rock 255 permeability.
257
Where a high Th:tw is modelled the effective juxtaposition areas are of the same order of 258 magnitude for both outcrop (Fig. 7a) and seismically-resolvable (Fig. 7b) geometries, leading 259 to virtually no difference in the simulated production results regardless of the different fault 260
TMs. In contrast, where a low Th:tw is modelled, the effective juxtaposition area is over an 261 order of magnitude lower for the seismically-resolvable geometry (Fig. 7d) than for the 262 outcrop-derived geometry (Fig. 7c) , leading to significant variations in the simulation results. 
291
The initial models employed a stratigraphy where the reservoir interval had a constant net to 292 gross ratio of 1 (Fig. 3) . Vertical connectivity was not as restricted as would be the case for 293 an interbedded sequence of permeable and impermeable layers (e.g. Fig. 3d ). In such 294 vertically stratified sequences faults can significantly enhance vertical permeability by 295 juxtaposing otherwise separate layers (Manzocchi et al. 2010) . To test the impact of fault 296 geometric uncertainty in these situations, a series of models for both outcrop-and seismic-297 resolution geometries have been constructed with the net:gross ratio ranging between 0.14 298 and 0.46 (Fig. 9 shows representative outcrop-resolution models) . The effective juxtaposition 299 area increases with net:gross, although it remains consistently higher for the outcrop-300 resolution geometry (Figs. 9a and 9c) . (Fig. 9b) . A minimal 308 volume of shale has therefore passed the fault and hence low SGR values result. In 309 contrast, where moderate net:gross ratios have been modelled (Fig. 9c) , a greater area of 310 juxtaposition occurs, however a larger proportion of shale has passed these windows and 311 results in a higher SGR value.
313
The role of fault TMs and fault geometry on production is also considered (Fig. 10) . Where 314 low-case (high permeability) fault TMs are specified (Fig. 10a ) the disparity in juxtaposition 315 area between the two geometries has less impact on the simulated production, since the 316 low-case fault TMs do not excessively restrict across-fault flow. Therefore, for any given 317 net:gross ratio the difference between the outcrop-resolution and seismic-resolution 318 geometries is less than for the cases with lower permeability fault rocks (Fig. 10c) .
319
In contrast, where high-case TMs are employed (Fig. 10c) 
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The image shown in (a) is superimposed for reference. Note the lack of resolvable detail.
617
The preclusion of detailed imaging of fault structure generally leads to faults being modelled 
